
Ele=:ror.ics

M:diC:ll diatherr.:y and experime:ltal ·:ancer work:

Welding

radar mechanics

Avionies workers

telecommunicaticns workers

Rubber Products Workers

drying latex foa.'ns

gelling latex foams

preheating prior to curing a.'1d I:loulding

Textile Worxers

Drying continuous webs

drying coated or impregnated yarns

cLj'ing rayon
drying wound packages

drying slasher coatings [9] .

it is most often the ope..~tive and kiDdred workers who receive the highest e::posures.

One proposal seriously being discussed in the C-..lA.~:nt review of the -A.-ustralian
Standard is to raise the occuparionallimits by 10. It is these wor.c:rs whose cposurcs

could signifiC<1ntly increase if the permissible dose increases by 10 times the existing

limits. If the way of measuring the radiation changes as is also proposed they would be
less likely to be able to record their exposures or understand what is happening.

The NIaSH paper on the Known Blologici El"Tects from EIectromnenetlc
Radintion Exposures [9J are listed as follows: .

Death
Genetic Effects
Teratogenic Effects

Behavioural Effects

Cataract



7

J

Acoustic response

Nervous system disorde:­

Heac2.che

Bloodlevelch~,ges

Loss of memory

Dullness"
,

Sl~?in:ss

Sinus .'\."!:hymias

The::e is also evidence th~t carlce:-s, specifi~ally of L'le brain,[llJand allleuke!Ilias,

[12]are incrensed in persons who are occupationally exposed to these. wavelengths, as

wen as among L~ose exposed to ELF.1:l many electrical and eleetronics occupations

e~posures are to many different electromagne~ic frequencies.

THE PUBLIC TRUST

Ra'diofrequency tadiation standards are controversial and do not enjoy the publicJs

confidence. Massachusetts Institute ofTechnology historian Professor Michael Stenick

has researched~ewhole history of radiofrequency stan~ to discover why and how

this profound lack of pUblic confidence came to pass. In his book The Micrawave

Debate {13JStenick dCC'Jments th: control exercised over paradigm generation and

reinforcement by control over the funding of res::arch. Stenick also shows an

extraordinary level of direction was e~erd~d by a tiny handful of specific individuals

who were in charge of running the main'resezrch funding program, the US military1s

TIi Services Program throughout the 1950's.

Stenick records how· the radiofrequenc"j radiation standards were increased from an

original industrial safety level of 100 V-W/cm2- (0.1 mW/cm'Z) u'p to 10,000J1Wtcin2

(lQmWfcm2). This was accomplished by the creation of a p::radigm which stated-that

the only hazardous exposures to radiofrequency radiation~ those resulting in thennal

effects (tissue heating effects). As burns could be caused at 100 mWk:m2 it was

thought safe to e~se humans at 1110 of L~at level, lOmW/c:n2 [14] ThiS limit of 10

mW/cm2 was accepted as being so unsafe Q.S to be fatal in the early 1980's in a

precedent setting compenSAtion ciaims :lgainst the New YOO: Telephone Company

(15]
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Tnat there are thermal effectS is universally accepted and the US and iNeste:n Alliance

couI!tries have adopted standards based on this paradigm.

As far as the hazards of radiofrequency radiatioil are concerned, there is, however,

another paradigm~ that changes in t.~e endocrine and nervous systems mark the

threshold of what should be cor.sidered to be deleterious exposures for humans. Tnis
has been described as the non· thermal school of thought.

Tnere have been thus been t'\vo schools of thought about how to protect humans. It

has been assumed that the research backing the non-thermal school was only

conducted in the Soviet Union but considerable research into low level Don-theanal

effe:t.s was also conducted in the US as the Americans grappled with the meaning and

i~te:ltion of t.i.e low int~nsity non-therI:1al microwave ir:adiation, by the Sovie1$y of

their embassy and staff in Moscow. [16]

Much of this .A.me..-ican work leoking at low intensity non-th:rmal effects was c:mied

eu: in secret while the v-<aIious possible miUtCl.ry and intel1igen~ scenarios for anti­

pc..P$cnnel (deat.i ray) and behaviour and mind control weapons applications of

radiofrequency beams were explored. [17] [18] .

It was the findings of this program of research in the late 1960's that created an

impetus.in the US for a change in thinking about radiofrequency bioeffeets, and to the

eventual and considembie, downward revision of the US radiofrequency radiation

exposure standards, in the early 1980's.

This research, also, and the secrecy surrounding much·of it, created a credibility

problem for· thermally based radiofrequency radiation safety standardS.

The US program of research etc the possible effects of the l~w ~tensity non-themW

radiofrequency irradiation of embassy staff led to a much improved open research

program and to an unprecedented translation of Soviet science and exc.iange and

cooperation with Soviet scientists. If, in Australia, we take all of this wod: into

account in the considerations cf what is safe today we wilI be.more likely to establish a. .
consensus that is credible and protects everybodys interests. 'The community and

workforce is protected as far as possible based on current cc~cerns, and with very few
exceptions the industry has room to move and expand. .
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M~::~ of :;'e wor:: ti''lt w~s conducted !~ se~ret has s;nc: be~~ rdeased t:::der FOI and

it ~'.lSt be 'Our. of a:1 i:1form:c cOi:side:ration of the h~!'ds of wd:orrecl.:e::c.,. radiation.. . .

BASIC PRINCIPLES

!!l considering the task of estabiishing radiation exposure sUlndards for the genercl

public and for those who will be occupationally exposed it must be acc:pted that the

first priority is to protec: the he,-;in and well-being of the me:! women and children

who will be exposed in non occupational settings, as well as t'lose men ~d women

who will be exposed regularly, if not as a matter of course, en a daily basis.

O::e approach to this task is to look at all the human, animal :Ild cell syste:n rese~ch

~"'ld, recognising its limitations, set limits for exposure"below those le~/eis reported as

causing changes in normal healthy functioning or behaviour. This approach leads to

debate, abo~t what is a significar.t change and what inferences can be validly extended

from findings in animal and cell studies to human healtit_

Given the recognition earlier this century of the carcinogenic properti:s of many parts

of t.~e electromagnetic spectrum, in principle it shculd not su-"prise us that exposures to

t.1ese forms of radiation are associated with n.n inc=eased risk of the same forms of

canc~r and we shculd not spend fruitless hours vehemently de."lying even the

possibiHty.

In principle if there is evidence of delete.rious hC3lth effects, such as cancer-Qusing or

promoting effects in ani!!l:lls L1en the r:ldi~tion should be a presumed to be deleterious

to humans. The levei of probabiiity that this is true incrC3SCS if there is additional

human evidence, such as increased rates of cancers among Liose e:cposed to thee

forms of radiation.

When standards are reviewed in the light of new evidence which reveals changes in the

acceptable levels of ris"k and exposure limits are consequently modified, there are g>ing

to be some electromagnetic applications that will be effected. If the limits are reduced

some changes in industry prdetise will have to be made some equipment will have"to be

modified, greater safety buffer zones established. The cost ofthcse changes will h3ve

to be borne and cannot be used as a reason for compromising on the health of the

population.
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As a matter of princ:ple it sho'.l!d no~ b: th: concern of ttose bvolved :n se::ing

standards to protect the current oper~tional and financial interests of those who would

have to make changes to protect employees and t.he public health.

People will want to know what ~s·safe and many will look for a straightforward md

simple ans'Ncr. Engineers will design to the parameters establi!:he~ lawyers wm argue

these are the existing standards so abiding b)' them assures th~t the ge:101 duty of ~-c

is met.

But "Safe" is not and cannot. be an absolute term. We are working in areas where

everything is far from being c:rtain and already known.

Atgrowing body of public r.pinion has little faith in the standards Liat have been set in

the·past or in the proc:ss that gave rise to them.

When there is uncertainty about. the levels and frequencies 3!SOCiatcd with increased

health risks, who shodd have the benefit of the doubt? The principle must be firmly

established that it is shese whose health may be affected should be afforded protection,.

not those who have L ~chise on parts of the radiofrequeIiCj spectrum.

IS THE COlvIMITTEE CHARGED WITH REVIEWING TEE AUSTRALIAN
STANDA~S REPRESENTATIVE?

• risk manag!1r~nt is fimtUz11U!rttally a question ofval~.
In tJ d4mccr.atk society there is no accepttJbk way to mah these choices

wit1ul;a

involving the citizens who wil! be affeeud by them" [19]

ThI committee in Australia has been dominated numerically by the spectrum users,

spa:ifica11y the militaryJ go·,erw-ucnt. utilities and some of the ;:ommercial interests.. The

precess of setting radiation exposure standards is seen to be unrepresentative and

.aclusive, not only in terms of the interests represented but also in the areas of

e~ertise.There are no true community organisations represen~ there are no

Hi
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biologists or I:ledic.al experts who are not closely associated with a spect!".:m user to
nro ,0";. ·1 ........ ' IOn a~e"s '''''e''· .- ... ;,.:-.,1' l'"·s·:J."-~ 'In'o blooe;r-·c·'" "'as be·" conduc'·d(- ~1_ ... 4,:"w" l. • ~ ...... ! .- ......... ;J', .. l.,.,.wa .'- ...........,... ...... ~ .. ~ ..... ~ .......

Tne miiitary has a justifiable need to be involved., given the military uses of these forms

of radiation and the ways military radiofrequency systems may impinge on the general

community as well on military persor...nel It is recognised that L1e defe::ce implications

of radar and other electromagnetic systems w:lllead to a relatively closed way of .

de:l1ing with issues of radiorreque:;cy radiation and health. In time of military conflict it

is acknowledged that the issues of possible health effects at low levels are very much

secondary issues in t.~e hierarchy of concerns.

While the military obviously does not wish to harm i!.S own p~:Jpl~ the milia)' culture

does ooerate with a different set cf exoectztions about what constitutes acce::table. , ..
ie~/els of risk. However just bec:!use higher levels of risk are accepted ou joining the

forces, does not justifj these lev::!s bebg iwFosed on the genc!'al community or it; the

civi!i:lD workforce.

There needs to be more representation of the community interests on the sub­

committee and a way found to separate civilian and essential :i1nitary and defence

needs..

As a general principle, then, it may be necessary to separate out military uses that are

vital for the nation's defence and treat them separately rather than attempt to argue that

the high exposure leoieis incurred in these facilities are safe fer everyone.

NON OCCl..iPATIONAL EXPOSURE L11'YIITS

.As matters now stand the levels of exposure to radiofrequency and radiofrequency

radiation for the vast majority in the general community a..~ very low, with the existing

standard allowing for significant incr~es from that base, for all the people.

A common relationship between ocC"..!pational ex-~sure stmda."tis and nOD

occupational standards is th:!t non occupatior:al sta.'ldards should be set at one tenth of

the oCCU'Cationallimits. The rationale for this is that workers at': ext:Osec. for a shorter. . . .
time and are generally more healthy than the entire communi:y which includes pregnant



worn.~n, young chi;dreh, sick and eld.:riy peopie. Furthe:more the general popuiation

ca.:l b~ :x?Oseci, u::wittingiy I fc.: all 24 hours, each cay.

Tne existing gene:ai population electromagnetic exposure limits were set at one fifth of

the cccupationallimits to minimise the difficulties that certain sectors of the

broadcasting industry would have had in their localities had the standard fellowed the

usual relationship.

This may be very convenient for the industry conce.""ned but is unjustifiable if there is
any evidence of1:iioeffects at these leveis. This needs to·be well considered during this

revi~; and was highlighted as a failing in the fiISt Australian standard by CSIRO's Dr

Davie Hollway.(20]

There appear.; to be a reluctance to accept that the aCtual levels of RF exposure for the

geD.e..~ population are generally very low, given that this reflects well on the

responsible, pla:ming and design t..~at cluracteris~ most bro:ldc2sting sites and

raciiofrequency telecommunications applications. In the mid 1980's, whe:1 the currot

limits were set, L'1e indl:Stty would have had to spend some coney to conform with a
lo~er limit but chose to save itself the money and trouble by forcing through a non­

occupational lim:t double that proposed.

Since the standard was first prc.~ulgated it is quite likely th:.~t new housing

developments have placed more people inside the buffer %Oc·:s that would and should

have remained unoccupied if the non occupational limit had been kept at l\lOth of the

occupational limits.

A BROAD qVERVIEW OF THE BIOLOGICAL~~HEALTH
EFFEcrS OfF ELECTROMAGNETIC FIELDS

A significant body of literature has been acet."'mulating since the late 1970's that

associates occupational and general public e:q:osures to electrical and magnetic fields

wi th significantly increased risks of certain cancers. Tnis work has te:1ded to focus on

the magnetic fields associated with electrical power frequencies but there is also

evidence of incre:lSed c::ancer rates in populations exposed to radiation in the kilohertz

to Gigahertz range.[21, 22, 23,24, 2SJ



In r:lcio :md elec~rooics work occupational e;eposures that encompass ELF a."1d

:ac:cfrequencys are CO::l:i:on. The electromagnetic radiation ~:q:-osU!es in 1.'e

wcrkplace and in the ge:leral commt!r.ity don't fit ne<ltly into waveoands but are broad

and intem:eshed.

Tne ca.nce:s significantly associated with occupational and gO:!1~ral populatioD. exposure

to el~~omagnet:c radiation are ~ose affecting the brain lLid nervous system, all

leukemias, and most recently cancer of t,e breast.[26 • 50]

In the pages that follow observations of effects, at non-thermal and thermal levels of

exposure on the brain and nervous system, the blood forming system and the endocrine

system are reported.

THE !R.~..A.D1AT!ON OF THE US EMBASSY IN MOSCOW

The public wariness of claims about the adequacy of safety standards for

radiofrequency radiation has its roots in the infamous and prolonged episode in

MosCow where the Soviet Union ran a program of regularly imdiating the American

Embassy and all its staff.

By establishing a monitoring program of the irradiation the State Department analysed

the power, frequency and modulation of the signal. This monitoring established that

the sigo.aI was a modulated low intensity ~c!iation a.,d that th: frequencies used to

irradiate the US Embassy were in L1e n S" and "L" bands (GHz).

In documents released under F01 it is stated that the levels of modulated

radiofrequency irra4iation-were measured and ranged over 0.2 to 2 J1W/cm2 with a

highest peak of 5 p.W/cm2. [51)

The US radiofrequency safe exposure standard at the time W2S 10000 V.W/cm2 so

these were relatively minuscule levels of radiation.

The irradiation of the US Embassy and staff·in Moscow at levels far below those

considered to be hazardous in the USA nevertheless led to a Presidential directive that

"intensive investigative research be conducted within .the Stete Department, CIA and

Department ofDefenc!! to determine what the threat is.· [52] Dr Sam Kesloy a

physicist at the Advanc~d Resea:ch Proj~c:5 Age:!c"j WtlS placed in c.iarge of the



r~se~r::h progra.-n. Dr Keslov was familiar with Sovie! r:se:lI'Ch Endings pos:Uhned

"the signal was an cr:emp! to prodr.:ce a relacivziy low neurc.,h)'si:;!ogic~l comii~,rl

among e.-r.bcssy p~r~or.r:el" [53]
Soviet literature of the time reported loss of r:le=nory, loss of ccncentratic::, fatigue

and debilitation a..nong human txlpulatio::s exposed to non-thermal levels of

radiofr~que:1c"lradiation and t~ investigate these effects part of the program ~iat was
set up included assessments of behaviour and p·:rformance effects.

This res::1rch looked at:

1. Discrimination Visu~ and Auditory Thresholds

2. Reaction TImes: Avoidance

3. Vigilance Performance

4. Attention Span

S. Dynamic Muscular Strength

6. CritiC31 Flicker Fusion

Aziother part of the research program was extensive medical testing of the Embassy

staff including examinations for any genetic changes. This search for genetic damage

was coz:ce:lled from the embassy staff the:nse!v:s and was conducted in~t using an

elaborate subterfuge but when the actual a.ru and scope of the program leaked out

amidst rumours of findings of genetic damage this had ihe effect of causmgv~ deep

resentment, widespread suspicioo and doubts about the credibility ofofficial

pronouncements about the safety of radicfrequency radiatiotl.

EFFEcrS ON THE ERAIN USING PRIr-rtATES

·1:1 1959 behavioural and central nervous system effects were described by Bach (13), a

researcher tt the US Institute for Neurological Diseases who irradiated the heads of

rhesus monkeys at non-thermal levels in a tightly designed research program. When

exposed the animals went through cyclical periods of drow~nessand arousal During

the drowsy periods they stared with a fIXed stare and were ··lII1I'esponsive to touch pain

light and sometimes to sound stimuii". They then moved into a period of arousal

characterised by rapid side to side head movements.
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/fBy altunardy s,virch:ng the transmitter on and ofjo.,e of t.~!!!e ~r:ir.:a!s was

brough!:o ch~ pcir.t oj s~==!ssiY(!arousal c:nd comp!!!e re!axaria:: i:: a 20

sec::nd cycle, rec:c!ir.g like c: puppet on a string" [54/

Cc~vulsions col:ld be ind.~c:d a.~d·d~:lth brought about in as short 2. time as 2 r.lir.~te.s

55 seconds.

7he program of l'esea:'ch ~sed p:1cates to g~t as c:cse to human beings as passio!e and

chec~ed for ch:mges in behaviour during tb:~y levels of radiofrequency ex-~sure. Tne

findings of research into behavioural effects en primates at e.'\posure levels of 0.2 - 5

l.l.W/cr:J2 and gene~Ily less :han 1 rnW 1crn2 s~owed no effe~.s. Tnis is important and

generally encouraging for the levels in the current Australian Staneard whic:t is

:"::0.WIcrn2 at these freque~C::s. C~:-:ainl y no r::cre:lSe for wof.tcrs to 10 mW1c:n2 and

t~e general population to 2mW/c~2 s::ould be considered.

The Advanced Re::arch ?:'oj:c:s Age::C"J however found ~1at ~diofrequencJ radiation

in the GHz range was capable of inducing profound effects on behaviour in primates at

le~els of e:tposure to modulated fields of between 1 mW/cm2 and 5 mW/crn2

ARPA documents released unc:r FOI report;

"The monkeys exposed to the specific synthetic Moscow signal in field

strengths from 1 mWIart2 to 4.6 mWIcm:z sho-Ned di!gradtztion cfwork

performance after 10 houn-a-day exposure from 11 days to 21 days. This

degradation in perfonTr.al".ce may be regarded as a ."igilance fu.'lCtion

degradation. The effects cppear !o be grossly functional r~nible. There is

some evidence rhat repeated. series ofaposures sensitues the animal and

shortens the late"t period before signs a/vigilance degradation appear" [55]

In other experiments conduc::d at 5 mW/cm2 e:q:osure the IIlonkey.which normally

worked for 10 hours a day every day was observed to slow QOwn and then ceased all

work and went into a deep sleep similar to a coma.

"There is no question that penetration o/the central nervous system h~ been
achieved either directly ,:r indirectly into that porricn ofthe brain concerned

with the c~anges in the workf,.mctiol'.s".



Events leading fa !hese br~c:.~down:; wer~ as[,lIow.':. On/he 12 !f: day r.-f

radiation a definitc slowdown was recorded in 'he monkeys ability /() lime: h;s

warkfimctions. On the 13th day a/radiation the monkt!ylurther degradcd and

finally ."lopped working. For 'he nat rwo days ofradiarion the monkeys condit ion

ren-.ained unchanged- c;o":plete stoppage at which lime the radiation Wc.\

terminated. Three days later without radiation the mon.~eyTf!!'Z:med 10 norma!

operatfon in his work/unctior.s. For five additional days ~vithou: radiati~n the

monkt!y mainraint:d a norr:-o.al worle pattern. R.adiatfon was lurned on after this

period and after eight days ofradiation slowdown in work functions was again

recorded. On Ihe 10lhe day ofradiation complete stoppage occurred. The
stoppage cantinuedfor the nut trJee days at which time radiation wc...

terminated. The ne.-::t two days "afrecordings up to 15/12/1966. rC"Jed the monkey

had not returned to norm::!".

The A..~A report goes on to recommend:

'The US radiofrequency radiation stander" safery sr:r:dards shodd be

overhauled 10 take accoz:nt ofthe non-thenr.al da"7%age potenlial.

The potential cfe:rerting a degree ofcorbol on Jrur.t~ behaviour by low level

radiofrequency radiation rnust be cartif'.JIIy irrvestigaZf::I." [56]

In lat:r re~-orts ofe.~mentsconducted in 1967 it is reported timt

"for (he record it should be noted (lrat all oftire positive findings were achieved

at one htzi[an order ofmagnitude he/ow the accepted US standardfor safe

exposure" [56a1
That is:1t. a level of 5 mW/cm2.

It is worth noting that while worle cessation is acknowledged 2.S the most sensitive

indicator in the papers provided to the review committee by the chairman who· is
supporting an increase to 10 mW/cm2 the actual levels ofSmW/cm2 causing these

effects are not acknowledged in the paper providei:l[56b]

It is instructive to review what happened to the US radiofrequency sta.Y1dard in the years
following these secret Jr.OgrarT1s of resczch because t.~e impetus'o reduce the standard

begnn with t..1e findings in these investigations. Prog:-ams of investigation were

esbblished in diverse areas of government Throughout the 1970's a Program For

Control of the E3cctTom2gnetic: Pollution of the Envin>Dm~twas estaolished in the

ib
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It is necess:lry in the c:crrent :··:view of the Austrolinn sttndnrd, and especially

where the:-e :lre propos:lls to inc:-ense the exposu~ limits ror wor!~er'S from

1mW/c:m2 to 10 mVllc:n2, to'c::lrefully consider this work and to firmly reject

::lny propoS:11 to nHow hum:ms to be exposed nt such Ieveb.

Tne poiicy processeS that followed the ARPA work in the US, led to more open

resem:h and a program of cooperation with the Soviet Union and othe:: Eastem

European countries, and with this there came a more p'JbIic and open acknowledgment

of at ieast the po$sibility of risks to health at levels below the:mal effects..

RUSSIAN RESEARCH FINDINGS

It is'Possible that scientists in the forme:: Soviet Union aCtl:aGy knew more about the

biological effects of radio frequency radiation earlier than their western counterparts.

Cenainly it had been II fleld of intensive study for all of the 20th c:ntury in Russia.

v Y Danilevskiy conducted the first e~erimer.tal investigatioI".&S of the biologic:ll

effects of radio waves in Russi~· :!l1900.[58]

The biological role of electromagnetic radiations was first comprehensively defined in

1926by V I Ve=nacis}:jy[59]. a member of the Soviet Academy of Science and from

there investigative work continued through the 1930's, 40's 50's and 60's mainly

fOC'JSing on three areas:

1. The thermal effects of radio waves

2. The specific action of these waves on the organism-which were discernible apan

from heating effects. These are what the Russi~"1S caned the non-thermal effects.

3. Tne radio frequency emission from the human brain

In 1930 Patzold [60] established that the thermal effect depended on the conductivity

of diaelectric solutions and that different electrolytes heated differe:ltly. Patzold

derived a formula that c-c.n be used to find the cond!.:c:ivity at ·...hich ma:cimum heating



is obtained 2.r!c ~!o~ted a dizgram of the wavelengths that produce the I:':OS: distinct

tt"'.er::-.21 effects in ~he nbb it ~nd ather :::;:e:-i:ne:'lt:ll 2.:l:mals.

Thl.:S Patzold de:4lonstrated wavelengths of 79cm for heating of cerebra spinal fluid.

93c~ for bile, 177cm for blood, 7m 87 C:4l for the brain and so forth and th:s work was

reolicated and extended by othe:'S throughout the 1930's. The purpose of studies of

Pa:zold and othe:-s was to le:l:Tl 'about tiss't:e heating as a function 9f tissue

conductivity and d~elect:ic cC::~·;:lnL It, was discovered th~: L"le:e were cliff.::-::!! depths

of pene~tion :u:d heat:ng effects in skin, in fat and in muscle tissues and that there. '

was a layered effect which increased the heating effect. But L'1ey were unable to

explain the dive:-shy of the biological effects in structures tLiCer e.-:posure to

radiofrequency waves.

Systematic re~ear=h into the thermal effects of radiofreque~cy waves continued

tl:rough 'the post war years. b 1963 Miruten!co [61]] showed that heating of certain

tissues was obse....'abie::t 10 mW/c:n2 reirJorcir.g Deichmann:s e:tp~.n:ents of 1961

[62] which de::nor.5tr:J.ted L'1at absorption of electromagnetic waves of 12.4cm at 10

m'?/lcm2 czused an e:tc::.ss amount of heat in the organism.

Deich:n2.nn conc!ud~d that the Maximum Permissible Levels adopted ot that time in the

USA of 10 m\V/cm2 with no limit on time of e;q:osure was too high.

In the early 1960's Soviet scientists ~rried out !lume:ous experiments at 10 mW/cr::J.2

which convinced them that 10mWIcm2 was unsafe for hum'T1-S. [63]

EFFECTS ON THE :BRAIN

Among electronics workers eXF":'~ed to microwaves and radiofrequency waves and

among e!ectri~l workers a statistically signifiC<1nt increase in the incidence ofbrain

tumour, particularly of the glioma and astrocytoma types, has been reported. The risk

of this cancer increases with increasing exposure time [64] • I: is therefore essential

that we pay attention :c all of the literature on electromagnetic radiation effects- on the

brain and particularly to any resea..-c:h showing changes or damage in the glial cells.

Russian research has paid particular attention to the brain and nervous system and has

reponed a singular sensitivity in the glial cells.

.,.,
I '
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The most distinct changes in the nervoUS system during e-""!'osure at low

i":l~ns;!it!s are observed in the: conditioned refl:!:: activity of .:r.i.n:::!.s. Changes

i.ot motcr cOf:diriolling refie:::::!s were freque."%!ly obs~r..ed in ra!! irrad.iated wi.d:

radiofrequer.cys (lOcm wavelength 10 mW/cr.:2 for one hour a day).

The latene time of the ieaettOns fir:! became shaner and rJ:en longer after the

15 -17:h trea:me::: srrotiger supprt!ss:On. ofthe reJ1e.-: was nored and

sometill1es even disappearance o/!he refle:::::es occur:-'.!d. Un.derlalmost

.wnrical e...-perimental condi!ions (wavelength 12.6 em at 10 mWIcr.(2)

an."%crion 'of conditioned refie::es tookplace three times as fast in irradiated

animals as in control animals.

The conditioned refle:tE'r ofrats e...-posed to deci."'M~r waves were suppressed

wirh a few treatments ofexposure for 1 hour a day Gnd recovery a/normal

cerebral corte:::: activity took two TT'.onrhs to re~estab!ish after all aposures had

bee.~ disconrinued..

Furologieal e::amination a/the brains otrars c:posed to 3an waves at 10

mW/r::n2 showed distinct citanges in the interneuron a::::odedra! and

a;;:osomaric connectio".s in the cortex. In panic:J.1ar there were cJ:anges in the

synaptic apparatus a/tlIe cortical pyramidal ~lls.[65J.

Tnc:e were distinctshifo.s in the neuroglia: the number of astroeytes had incre:a.sed. The

Russians advanced the view in 1967'

"titat the brain and irs glial c:!lls iiZ particular have a receptor frJncf..on with

respect to electromagnetic fie ids II. [66J

This is of considerable importance given: .

a) the recognition of a steadily increasing rate of glioma (b~n tumour) as a statistic:l1ly
. .

significant cause of increased mor....ality

b) the recognition of gHoma as a parjcu!ar c:.ncer occurring in a statistically significant

number of C<1ses especially in electrical and electro'nics workers. A four fold increase in

Glioma has also recently been :'"!"ported in women VDU operators where exposure to

VLF and ELF occurs. (67]

Of all the C<lncers reported among workers exposed to electri:aI and magnetic fields

Glioma is the most strongly associ:lted with o~'i1pationaI exposures to



E::=~:oi!1agn:tic F1elCs"' a.'1C it shows a clezr dos~ respor.s: ct::v: of i~c:easing

i::cic:nce with lor:ge: periods of time 'in the ex-;oseci cc=upZotions.

In the Russian text The Effect of Electromagnetic and Magnetic Fields on the Central

Nervous System, Kholodov reports;

In recording the electricaL brain reactions to difjerer.t eleCf1"omagneric fie!t1s

we not~d tlte appearance ofslow high amplitude osd.llarions ojporenria/s. In

recent years certain investigators have attributed the main role in the

formation ojslow components oj the EEG to glial elements. Recording the

electrical activity in tite region oj the medulla oblongata which basically

contains glial cells revealed a rhycJz.rn of3-6 Hz and supers/ow oscillations...

Finally morphological invesugatioIU ofthe brain following an anilr.aIs sur; ir.

different elecrromagnericjields indic:zted a glial reaction to these influ:mces.

We noted a revi'.led prolijercrian reaction oj the microglia in :r.e brai.'1.

following erposz.:re of the ani;7UJIs to an SBF field olaverage 40 mWIem'2 and

at low 10mW/cm2 intel&Siries which indicared the m-nularing I!ffec:r o[an SHF

field.

Swelling ofseparate cells was obsenled at the same tiJ'M•.A protedve reac:ion

of the glial wa~ frequently rr.ore explicit followin.g a 5 minute c:posz.:re to an

SHE field than after a fifteen minu~ c:posure. Thes:: changes in the glial cells

are considered to be nonspecific protective reaction ofthe central r.ervous

system. Morphologists long ago noted the reaction of the glia following

exposure to ionising radiation while neurons remained normaL Studying the

morphological srrucrure of the brain from irradiated dogs L L Vaconikov in

1956 conclz.u:Ied that Ute glial tisSue espe~.al1y the as:rocyres and the vascular

system connected with it suffers primary darr.ag! during irradiation.

Especially ~cute degenera~n ojasrroglia was observed in the brain stem and

in the region ofthe- hypothalamus.

In rabbits one hour after the start ojthe EMF influence we noted a sharp

productive reaction ofthe astToglia and oligodendroglia involving

hyperplasia and hypertrophy ojrJ:= t;~!; bcdi.es andprocesses. L... rabbits-and

rats 10-12 hours after the start afthe of the influenc! ofEMF the reaction of

the glia remaiJ,ed productive involving the presence ofperrJascuIar and

marginal glial fibrosis: with changes in the oligodendroglia hypertrophy of the
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drainage c~!!s. Tile ne~ror:s r.:.nder.vent re'VersiDle c:-:anges in the form of

In rabbits cars and rc:s 60 • 70 hours after the srarr oj the EMF infll.:J!nce we

observed productive-dystrophic damage to the micrJglia I."1'Voivi.,g S',ve!ling oj

the oligodt!lIdocyres and appearance ofdrainage cells. A picture ofdySTrophic
,

changes in the gUa was morphologically diagnosed.

Sir.ce tite glial[ormarior..s are distinguished by ahigh metabolism we can

con...~r that the effect of a EMF on tlIe br~ir. is r!alised to a sign~i~r:t

degree through the changes ill the metabolism ofneuroglia.

Sr:.uly£'g tlie e::per£'1lenrs on the eJ1eC'.s ofar: EMF on t"ze eNS we can e.-cplain

IT'.any of the results by the effect ojan EMF on the giia. The last two series of

e:peri.'11enrs involving c.lze recording 0;neuroruzl activity and a morphological

analysis of the brain ofracbits subjected to aEMF directly implicate.! the

gIfa ir. reactions to a EMF. In all OUT experiments we noted a prolonged latent

period measured in seconds and tens ofseconds. The long lazent period

indicates that l1!UTOltS ar~ not the primary elements reacting to the EMF since

the late:tt period of rJ:ei.- reacrio.-: is meas:.:red in milliseconds. A signific-'7U

after effec! also characterises the reac..~;z ofglial eltlMnts.[68)

NON-T".rIEPJoAAL EFFECTS

By the end of the 1930's the Rt=ssi~ had established there were specific Don-ther.:nal

changes that appeared 1.'1 the organisw, that is changes that could not be explained

solely in te."TnS ofhe3t formed in it. In 1936 Libemi (69] st.'\ted that the non-thermal

eff:et of radio waves was the basic starting point and that the temperature rise in

tissues merely masks the specific shif.s in the organise.

In 1938 F M Suponitskaya [70] lir.ked the influe:lce of 40cm wayes on the organiS'Cl

with nonthermal tissue changes which he nsenoed to the vibrator effect on molecules.

The Russians found their C'Nn understanding of how radio~quency radiation interacts

with living organisms and their approach to th'c whole' field of study was lacking

integration. and that the effec:s of :~diofreque!lCYradiation could only be successfully
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U:1c::s:ood, and their own resesr::h effcr. gre:tly i:':'1proved., by b=-:ng:r.g ~:Jg=~::'=:- a

:::1:':'1 of s~:~::'::$:.s :~~:'ese::.ting various s:::~i~!it::s; physics, r~dio :::~::'cnics,

p;;ysioi~£"'J, ?:t::cpl':ys;o:cgy, irr:ml.:::'c:::;y, r.:~:opatholgy, c?r.th~irr.oi~g;· and

physiotherapy.

By the second world war the RuSSlaI".s had recognised that wor~e:s operating radio

elec:ronics equiprr.e:1t were being adversely affected and that to sdIve the proble:ns

associated wi:h t.l.:eir occupational e:tposures and to develop Frcp-:r bdustriai hygiene

controls the mechanisms by which radio waves act on biolo~cal objects had to be

studied.

p..fter WW2 the Russians began intensive investigations, using radiofrequency waves

into the electrical properties of tissues and it was fouod that

"owing to lite weaker absorption ofradiofrequency er.!rgy by the jatrj tissues

less heat is liberated in ille jarry layer than in the muscle. filter. t.'Ie layered
tissue system is irradiated ther!jore th~ temperature rue in the layer -ofmz.:scle
is larger than ill the farry layer even though the latte." is nearer tJ:e sow-c~ of
tlle radia!ion. If [71J

Petrov notes that

"a marked temperatzue reaction ofthe organism to radiafrequency ezpos;,ue
is observed wlren the power flux density is more than 10 mW/em2. However

orga."isms are also observed to react to the electromagnetic field at smaller
radiofrequency power flu::: der.siries, even though the temperature rue is not

observed. These pnenoT:"na belong in the category o!non-thermal or specific
effects.ofradiofrequencysll.[72J

As regards the central nervous system, the relatively thick bez:: texture of the skull and

high lipid content of the.brain tissues facilitate the penetration.of radiofrequency

radiation and interf:::-c with the dissipation of heat into the e::vironment. Also .reflection

and diffraction of rad!ofrequency radiation may take place within the spherically

shaped skull; thus; in particular regions of the central nervous system radio frequeI:cy

radiation could be more highly concentrated than would appear to be the c::se from

incident power density. The reticular formation of the brain stem and the hypothalmus

regioDS whue important regulatory c::::tres are located are are:lS most se:lSitive to

electromagnetic ~ciiation and even a small degree ofhyperthermia in these regions

might signifiCClIltly disturb various body functions.
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The eNS is tlte first system in ar.imals irradiated at !hermal inte."'.siries to

undergo functional changes. (30 -40 mWlcm2 for 20 minutes, wavelength

12.6 c.'1f) Rabbits manifest abr-I1pt ::.:ppression ofor.dilionetlrejle:: activity}

and abrupt suppression oj!he basic r.1y:h7t of cerebral cor.e:: electrical

activity} dogs at 20 - 30 mW/em2 show a dEcrease in the strength of the

conditioned reactions c..•d an inc'ease in their latent times, [73J

A decrease in Cholineste:-ase ~ctivity in the corte::, cerebeIlulny brain stem AIld medu!!a

c;'locgata and internal organs of rabbits during radiofrequency irradiation at sub­

thermal levels (500 !J.W/c:n2) of rabbits was reported by Ru.:;;ian scientists in 1963.

Petrey reports a senes of experiments on cholinergic ac\ivity and states:

"Cltanges in the cholinergic link were established in these t!-""Periments on

animals and on isolated muscle with radiofrequency irradiation. Apparently

radiofrequencys may act as a srimu!!J.S that works- tltrough il'rrerocepti-tl! links

to change the cell membra;-re ~!ecrrical potentia! or cause de or hyper

polarisation. It is possible tfrat entering the blood the acetylcholine formed in

the synapses under radi.ofreq~:-.cy exposure c:et.s upon th~ che1T1;Oreceprors

andpressorec~ptors oj the carorid .sinus and on the skin-mechano and

thermorecepr~rs causing reflex changes in th.! fimc:ions of the hypophysis and

adrenal glandS. Depending on the ir.rensity of the rcdiofrequ.ency i-'7osW'e

they cause either an enhanceme.-:r and activation ofcholinergic transjer iJf the

irradiated object or a weakening of this process owing to disturbances in tize

formation of the attendant bio-chemical components with disturbance ofthe

assocuzted metabolism If [74J

In the Russian studies of the effect of radiofrequency radiation ~n the pe:meability of

cell membranes the threshold radiofrequency intensity leading to a signifiC:1Dt change in
. .

the rates of ion transpon across cell membranes following ir.adiation for two. hours

approximated 1 myv!cm2.
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E!!!~:rophys:alog~~ iil"'I!!rigations oj elementary ezc:tcb(e srroC:t:r'!s, !i.1:.e cell

me.T.bi:1neS, h::V1 b~~ .... CiZmOr.s:iCree a~ a~ e:::rerr.cly low :mz~iry of

radiC!~~n,

5 microwatr.slcm2. Tiles2 invesriga:ior..r ha..,e revealed cianges i,,,: a 11:.JJ':1ber of

fu.ncricnal parameters ene'characteristic, namely, a slowed ~nduc:ici: of

impulses, an increased sjnapric delay, lengrheni.ng of latent and refractory

periods, changes in action parentia/, (all i., isolated nerve,aitd muscle fibres of

the frog) i"1hiNtior: of impuLre a contribution from the r:onspecf.ffc subcortical

and stem structures. Titis is particularly trole ofthe hypotJ:alamz:s where
changes at low imer..rities 30 -100 ~WJem2 tald:ng plaa in both acute and

chronic e::periments are of e:rceptional interest because the hy..oothalmus

cor.:riru:es the str::ct:.ue connecting nervous and humoral 11".ean.s ofreg'.llarian..

L"'"Perimen:al investigations show that following radiojrequency irradiarion

the ascendi:'fg activarUti: .:nfluence ofthe reticUlar formation oj the cortu is
blocked. ,.

Changes in LIze regularor; activities ofthe hypothaImic region due to

radiofrequency irradiation ofnon thermogenic intensities also results it: shif..!

in cholinergic processes participation ofclaline reactive and adrenergic

srructures ofthe brain as well as biphasic changes in vascular torna with
accompanying Cizanges in accumulation ojneurosecrericn witJzin nervous cells

and tissues ofthe hypothalmus region..

At low intensities ofche order ofl mW/em2 radiDfrequenc-/induced

. disturbances ofadapcarion co various faaors have also beer: observed. All :he

above findings taken together bring us closer to understanding the

pathogenesis of the neurologic manifestarians ofradiofrequency sicJeness by

showing clearly that in human beings the astheno-vegetative shifts and

psychophysiological symptoms are mainly ofa mesoencephalo-diencephalic

nature and are elicited by radiofreqwmcy of low inte:Lriry activity ofsingle

ganglionic neurons ( the medicinal leech)'

eNS effects have bt!en observed at intensilies up to 1 mWIcrrC2. These affects

are determined by both a direct ac:i:Jn on the brain and reflex component and

intersystem relations w~ ;-.in the brain. [75]
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At ::-'e first Inte:nalional ConEerer.ce between the Eastern bloc and the West wh:ch was

to.eld in Poland in 19i3 Russian scie~tists mapped out the state of their knowledge and

the various thresholds and condit'ions of exposure that they h~d empirically established.

?irstly, as far as exposure co::ditions are co!!~er:1ec.. the Russians had initially used

contiD~ous e:'posures in their investigations b\;t r::l.lised this \vas not an acct:rat:

represenutio:J. of the real wodd anc so t:ied in tr.eir e:'C?e:icent~l work to repiicz.te th~

aot..:al conditions people are aposed to in industrial conditiens

"whic'; are characterised by al:ema:ions in tire pe:-iods oj irradiatior. and

intervals o/various dw-crions in cOl1'.bination wi:h Ycriabiliry i., !.l.ze intensiry

ofradiation, ie the radiation is intcrmittenr in terms ::;1a number of

parameteis tr
• [76J

Bychkov et ci monitored the elec~i::al activity in the brains of imdiated rabbits using

39Hz nemp!oj'ing an experime~taI method which adequately simulated industrial

conaitions. The animals were subjected to 150 J1W/cm2 for S minutes; 10 minutes rest;

60!J.W/cm2 for 8 minutes; 240j.LW/CI:l2 for 6 minutes; 34 minutes rest; 320 IJ.W/cm2

for 12 minutes 60 j.LW/cm1 ror 8 minutes 14 minutes rest 60 v.W/cm2 for 8 minutes

150 'tJoW/cm2 for 8 minutes. The total time of actual irradiation was one hour. A

parallel seties of experiments was conducted with continuous radiation 153 lJ.W/c:m2

fer 1 hour. In both series the incident e:lergy as well as the total period of exposure

were equal.

A non irradiated control group was also monitored.

The statisticaI-data from the e.:-:perimenr show distinct althoughliRuted .

chanK.es in the spontancous electrical activity in the brains in the cas~ ofboth

series of (ezposed) Q1".imaLs with statistically significant difJereiz'r:es in changes

evident in series 1 (intermittent exposure) after 10 exposures. [77J

Gordon in summarising this and other work reported that

"intermittent exposure .0 irrc:diatior. results ir. mo:-e pronou."ZC!!d. bialogic

effect: than those ojs.eac1y irradiation under conditions ofequal strengt}: and



.'TlOre S:ienuo::s f~i :It: ada;,ra:iciTl and comr;eTt!!:!icr. :r.ec}:cr.i.!:::: cwi,.:z :0 :hcJ.. ""
freqtter:r ch:1l1ges iI. the ;rradiaring parame:ers n

• •••• Eiologica! efjeczs become

TroOre severe with increasing dwarion ofwork accompanied by irradiations of

low intensities less Ulan 1 mlVlcm2. [78]

T!'.is has both co~ide:-Gbl: implications fer p::k puised exposures and for the overall

st:mdard to be adopted for 8 hour working &ys. It certainly does not support an

i:lc:ease up to 10 m\V/cm2 for a working day.

Secondly the terms tr.ermal and non-t"lermal were defined as EoIlowS;

Thermal effects are t1IOS~ biolog:: s"equz!ae whic.i are au.e to inregial rise of

lemperar.ge oj t.~e body an:i i:s separate parts dwing whole cody or lacel

irradiaru,n. Thermcl elfec:s are !hose biol:;gic sequelae wilid: are due to

in:egral r-se and ule iesz!!t of:me..,,;: lIeati.-:g of;r.::osrr!lC!W~Sofa

heterogeneous biologic :issue and may oc::.u if: the acsence of:he integral

thermal effecl.

Finally r.::m-tJt.ennal or extra thermal effeers are due to conversion of
1 . 'r' b" .to.r. .. tl: Ie eC!iomagneuc energy wU.U1t an 0 .:ec: zr:ro anatr.!r Jon:: OJ non- zem-.a

energy (molecular resonar:c!! absorption photochemical reacrian etc). [79J

Clear Tnermal effects occur at C''"C'OOsures of 10 mW/r::n2 and above.

Weak Thermal Effects cccur betwe~ 1 and 10 mW/cm.2

Non-thermal effects occur below 1 mW/c:m2

Gordon reports that;

1 mWIem2 is also significant from the medical point o/view according to a

number ofindicators, and even at intensities that are e:aremely low, such as

500 - 250 ~WIem2 cerrailI biologic effects occur (bioelectric phenomena wUh

resetting to a new level ofactivity ofthe brain systems, changes in
immzllZobiologic resistance including defi1!ite pathologic effects (reprodUCf-ivt

functions).



Our in vi"" invesrigations neve :hoiVn tha~ ac:ivi:y of a whole ra::ge of

enzymes in the ;issues ojirradicred ~nima!s i.,cluding :hol:r.es:ercse changes

markedly at intensities down. to 1 mW/cm2 [80]

In Russia clinical observ:1tions of'men working in radiofrequ:ncy radiation e.-rposures

over many years led :0 the recornition of:l distinc: fen:: of occupational disease

mark:d by changes in tce nervous and car::iovasculz.r system;,;. Investigative work

progressed bothw~th experimental ~ilimals and cell sys:e:r.s and with exposed worke::;

to try to learn more about the inter:!ctions b::w:e~ :adiofrequ~ncy waves and

biological systems.

C=e:ski reported on e:tp:ri.nents on a se:ies of expe::m~ts in which g:oups of rabbits

guinea pigs and mice were exposed respec:ive!y to a pulsed field (29S0MP..z 1200

pUl.se at one microsecond) 0: to C'.V at 3 mW/crn.2 2 hours d<!ily for a total of 74 or

1':8 hcut:S. These cperiments meas\:red the rates of iron upt*e into red blcod cells,

the rates of c:!l division in the bone marrow, and quantify!ng reactions of the

lymphyocytic system...
As far as the iro~I metabolism res~l!.S were co1!.cen'!ec. there we:"! significant

differences between ir~adia!2d and non irradiate:! co!ttrql group and perhaps

the most inter!Sting finding is titar 74 hours oft--pos:IJ-e to pulsed·

radiofrequencys induced m~d: more pronou.-:ct!d effects than exposure to CVI

of the same duration, the dijf!renczs between these grou.ps being highly

significant. On the OIlIer hand 158 hours of e::posure to CW radiofrequencys

ind:lCed. very similar efjec:.s to those cfe--posure to pulsed radiofrequencys of

halfthat duration..

On the effects 00 L1e lymphocytic system which is of inte:est'given the increased

incidence ofleuke:nias among humans occupationally exposed to electromagnetic

waves

low dose irradiated. rabbits undergo spontaneo1.lS lymph,oblastoid

transformation when c:.llLurea in "Jirro ...•. tJ:ese observations seem to indicate

a peculiar susceptibility ofthe lymphocytes and lymphocytic system to

radiofrequency radiation [81J
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:.~~C~ resC::lrche:s reponed" from clinical and bioiogical inl'e.:t:gations ofp~:Jple

e.-:posed. to radiofreql~e.",cJs we jound'that an e::posr.:re for a lor.g ::'7:Z ct a low mea."

power deru:ry 0.1 -0.2 mW/c:n2 produced subjective and objective disorders L-: a

nwnher ofsubjects. " [82] Using rnic: rats and rabbits and contrel non ir:-adiated

animals of the same s:r;:,ins the iowestigatcrs irradiated the experi:ne::tal animll!~ :n a

.mea.'1of 2 mW/cm2, frequency 3.105 MF..z for 145 hours continuously and then

sacrificed the animals and compared their internal orgilns

They reported L~e following:

SPT,r:'EN

There was a greater e::ten.!ion ofgerminative centers in exposed anirr.als than
in controls; the cellular density increased and lymphrJblasric cells were more

numerous, in lymphoid areai the lymphocytes were a:moTTr.IJI!y dis:ribut~d in

sheers foci ofeosinophil celis and large nurrJ:er: ojr!ricular c::!1!s were found
•••• Disorganisation ofthe heparocytic structzue and enlarg~m~nt ofthe
haerr.atopoieric islet were also obser;ed.

L;YER

An increase oj the reticu.lar and histocytic~ lIs ofTMSenc.iyrr.Qric origin in the

Duse spaC2S was noticed

THYMUS

The cellular density of the conical areas was marked. In the subcapsular zones·
by a great number of lympltoblasrs [83]

These findings assist us in understanding why there is an excess of leukemias among
workc."S exposed to electromagnetic fields

ENDOCRINE GL.~S.

Petrov reports that the functions of the anterior pituitary and adrenal cortex are

regulated by the central nervous system and goes on to descn'be Russian work on the

effects of radiofrequency radiation at thermal and non-thermal intensities on the



f:.:::c:ion of t~~ pituit~ry :md ucr~:-:<ll cortex, the thyroid gland and sex gl<inds. T:le~ai

oit'.litarv :md adr~r.als whilz ::cn-the:m<il in:e:'.Sities enhanc.:d them.. ,
Various researche~ re?ort that cogs irradiated showed enhanced thyroid function with

ir:::reased uotake of iodine. Tne power flux de:.sities reported as causing this effe::t

st.:.. at 3 mY./lcm 2 for 30 min::t:S.

Animal male testicles that were exposed to 12.5c:n waves for S - lS seconds at 250

mW/crn2 showed haemorrhaging, coagulation necrosis of th~ epiL~eliumof t.ie

interstitial tissue and ...essel walls although only a srna!l te:npe~ture rise had been

observed in the testes.

Similarly brief ir:adiation at 400 rnW/cm2 produced sterility.

A reduction in the size of the testes as compared to contrel animals was observed 29

days later.

F~m.3.le :mimals that were fmdiated were less fertile than cc:.trols and the offspring

were born small and many of them perished during the first two days.

Irnig et al in 1948 conducted a series of studies to deterrn!!le the possible effects of

radiofrequency Wi,1ves on the mille reproductive system. Tney reported;

The outcome of this expe!"i."TIJ!!'tt clearly shows'rhar t::sricu1ar damage from

12cm irradiations ofa temperature b!low that of th! abdominal cavity and

below that necessary to cause injury by infra red ezposure.••damages may

result in part from factors other than. heat. {84]

In t~e testes a high rate of cell division and differenHation is caintained in the seminal

tubules. However the genn cells could easily be damaged by elevated temperatures of

the testes. In addition the interstitial cells (Leydig cells) proC1Uce less androgen when

t.1e internal temperature of the testes is raised as in the case of exposure to

~diofrequency radiation. The hypof..:netion of the leydig c~!1s could be a secondary

disturbance due pituitary insufficiency in gonadotropin secretion under the influence of

radiofrequency radiation; symptoms of pituitary hypoflJnctkm and functional

disturbances of the pituitary-gt.:-.adal system have been observed in men and women

e)."'POsed professionally to radiofreque:1CY radiation.
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~PRCDUC!!ON

A study conducted at John Hopkins looking at the possible causes of n:ongolisrn found

a statistically signific:mt association betwe~n paternal e~sure to radlofrequency

radiation in the radar frequencies and mongoliso in the offspting. I [35J

71--::E EI!EJ:.C!S OF LOH'-?OWER RADIOFRZQUENCf x..l..DIATION ON

CELLS Al'lD TISSUES

The literature concerned with empirical studies of the effects of iow power (athern:a1)

r:lQofrequency radiation on cells ~nd tissues has gro'Nll conside~bly but the lad:: of an

agre~d theoretical basis for the obs.::rved effec-.s has discouraged official acceptance of.. .
L"leir significmc:. This official disinterest is bued in the fact ~iut electromagnetic

radiation with photon energies < 12 eV (Le. of wavelengths IC:1ger tha.'1 UlLClviolet)

were not sufficiently e::erge:fc to cause ionisation. Da."Ilage to ce!1s and tissues by

icrri~ing radiation W~ weil uncle.stood ane, because of the incr.l!trial, military and

medical imponance of ionising radiation, the study of its effects tended to dominate

the field anc to provide moceIs .~:"'\r studies of other potentia1!y-ezm:!g!ng agents during

the rapid development in molecular biology over the last three decades. Neverthe!ess a

number of significant papers were published in parallel with Lie early epidemiological

and ~e:i!IlentaI anima! studies. Several of these studies were with effects of

radiofrequency fields on blood c:!l~ as these were readily obtail13ble an~ in

conformity with the knowledge of the period, with the e%pectation that they would

provide S'IlITOgat~ for other cells of the body. These are ofsome interest today

because of the apparent increased risk of leukecias reponed among radio hams and

more widely among ,those exposed to electrical and magnetic fielCs.

Baranski wor!~ing in vitro with rabbit blood observed increased permeability of.

erythrocyte cell membranes to haemoglobin

after irrlldiaricn at 1 mWlcm2 during 60 minutes changes in potassium

metabolism were the earliest observed disturbances t.., eryt.f:rocytes irradiated

with radiofrequencys. After only 15 min~es ofirradiation at 1 mWIart2 a

signijic::mt increase in potassium concenrrar.on in tk supernatant was noted.

The values were still higher after longer lasting irradiation or after

irradiation at 5 or 10 mWIc:r.2.


